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Abstract 
The increasing of traffic volume in Surakarta has caused an increasing of congestion in several road networks. Traffic jam 
phenomenon at intersections during peak hour can be found at some signalized intersections, especially at Kerten-Intersection in 
Surakarta. The Local Government through the Communication, Informatics and Transportation Department (Dishubkominfo) 
Surakarta is developing an integrated traffic management control system named Area Traffic Control System (ATCS). The aim of 
ATCS is to enable the vehicle movement continuously and minimize the delay at an intersection. This research aims to determine 
the factors which are considered in the analysis by using Indonesian Highway Capacity Manual (IHCM 1997) and field survey 
methods, to calculate the delay of each method, and then to compare both values. The implementation of manual traffic counts 
survey carried out for a day in the morning peak hour. It is sourced from traffic counting data from ATCS detector of 
Dishubkominfo Surakarta after converted in passenger cars unit. The obtained data from field observation for calculating field 
delay are: number of waiting vehicle every 15 second, stopped (in red and amber time) and not stopped vehicles (in green and 
amber time). Findings so far, the average delay calculated by IHCM 1997 method is 59.29 sec/pcu, while the average field delay 
is 16.91 sec/pcu. Based on the comparison, it can be known that the field delay is lower than IHCM 1997 delay. It is caused by the 
differences in withdrawal traffic flow data that will be used in delay calculation analysis. Inaccurate of determining the adjustment 
factors (which are: effective width, city size, side friction, turning movement, vehicles stopped ratio and turn at each approach) 
will also cause inaccurate in the delay value. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Transportation has an important role in forming a human civilization. Almost all people take part in transportation 
activities, either using transport mode or not for their daily activities.This is related to the needs to be filled is not only 
located in one place. The expanding of transport demand is reflected by the existing of growth population, the 
developing of areas, the increasing of production items, income and need to travel. When the demand is not followed 
by the availability of transport supply (i.e. road network, and public transport network), then it will cause some 
problems in transportation. Generally, this condition becomes a major problem in urban areas, where residents want 
a high factor of accessibility and mobility. This phenomenon also happened in Surakarta, as shown in the economic 
activities in which people, vehicles or goods moving from one location to another. The transportation infrastructure 
is the major component to produce the mobility of people and goods run smoothly, securely, safely and it can also 
reduce the traffic congestion.  
The increasing of traffic volume in Surakarta has caused an increasing of congestion in several road networks. The 
congestion has caused driver stress, tired, wastage in fuel consumption and increase the air pollution. Traffic jam 
phenomenon at intersections especially during peak hour can be found at some signalized intersections, especially in 
Kerten-Intersection in Surakarta.The Local Government through the Communication, Informatics and Transportation 
Department (Dishubkominfo) Surakarta is developing an integrated traffic management control system named Area 
Traffic Control System (ATCS). This system is equipped at the intersection with high traffic flow. This technology is 
a green transport infrastructure that can be used to manage all of the traffic movements at signalized intersection 
through the central control of ATCS. The implementation of ATCS at signalized intersection reduced delays up to 
40% [1]. Traffic delay at signalized intersection is used as an indicator to evaluate the performance of intersection 
refers to IHCM 1997. The using of IHCM 1997 method for the traffic condition at present needs to be evaluated [6]. 
The delay value needs to be compared with the result of field survey method using ATCS data. Therefore, this research 
was conducted to determine the factors which are considered in the analysis by using IHCM 1997 and field survey 
methods, to calculate the delay of each method, and then to compare both values. The implementation of manual 
traffic counts survey carried out for a day in the morning peak hour. 
2. Area Traffic Control System (ATCS) 
ATCS is a central traffic management system. All of the elements associated with communication channel between 
the controllers in the field with the computer in CCSR regulator (Central Control System Room). An advantage of 
this system is a possibility of the coordination of traffic lights at some nearest intersections. Therefore, when the 
vehicle got the green light at one intersection, it will get the green light at the next intersection (adjacent). This 
phenomenon called a green wave. Due to the availability of the green wave, then the waiting time/delay as it stops at 
a red light can be minimized, or in other words, this condition can reduce the queue. In 2005, the condition of the 
traffic light or APILL at 55 intersections in Surakarta is in poor condition and also the manual system is often damaged 
[8].  Based on this condition, it is done to review the grand design of APILL ATCS. Based on these results, Surakarta 
Government through the Communication, Informatics and Transportation Department (Dishubkominfo) Surakarta 
implement the results of the study by building 43 network APILL ATCS. The network consists of: CCTV Cameras, 
Down Counter, Public Announcer, VMS (Variable Message Sign), Detector, Network FO, Bus Priority and GPS [5].  
3. Delay 
Delay is the extra time it takes to move through an intersection as compared to moving without an intersection [3]. 
In this case is used two methods in delay analysis i.e. IHCM 1997 and field delay methods. 
3.1. IHCM 1997 Method 
According to [4], IHCM 1997 delay is divided by: 
a. Traffic delay (DT) due to traffic interaction with other movements (the influence by other vehicles). 
C
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Where,  
DT    = average traffic delay (sec/pcu). 
 c      =  cycle time (sec). 
GR =   green ratio (g/c). 
DS  =  degree of saturation. 
C     = capacity (pcu/h). 
NQ1 =  number of pcu that remains from the previous green phase. 
b. Geometric delay (DG), due to acceleration and deceleration when making a turn in the intersection and/or when 
being stopped by traffic light.    461 xPxxPPDG SVTSV    (3) 
Where,  
DG = average geometric delay (sec/pcu).  
PSV = vehicles stopped ratio at approach, Min (NS= 1). 
PT = vehicle turn ratio.  
c. Average delay(D) 
DGDTD     (4)  
3.2. Field Survey Method 
Measurements of delay as proposed by Mc Shane and Roses in [2] in brief i.e. the location observers should be 
able to reach all queue, the observation periods that can be used are 10, 15 or 20 seconds, there should be counted the 
number of waiting vehicles before intersection, the number of stopped and not stopped vehicles during the observation. 
The equations that can be used for data analysis according to [7] as follows: 
a. Number of stopped and not stopped vehicles 
 notstoppedstoppedtotal QQQ    (5) 
b. Total delay 
nobservatiowaiting TQD u ¦    (6) 
c. Average stopped delay vehicle 
 
stopped
s Q
D
DT
¦    (7) 
d. Average delay for all vehicles 
 
total
sTotal Q
D
DT
¦    (8) 
Where,  
Qtotal    = sum of all the volume of stopped and not stopped vehicles (pcu/h). 
Qstopped  = sum of all the volume of stopped vehicles at intersection (pcu/h). 
Qnot stopped = sum of all the volume of not stopped vehicles at intersection (pcu/h). 
Qwaiting  = sum of all the volume of waiting vehicles volume in range 15 seconds  (pcu/h). 
Tobservation = observation duration (seconds). 
6D   = total delay (sec/pcu). 
DTs   = average delay all stopped vehicles (sec/pcu). 
DTsTotal  = average delay all vehicles (sec/pcu). 
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4. Data Collection 
4.1. Secondary Data 
Secondary data consist of: a) research location map, b) ATCS data at all approaches of Kerten-Intersection of 
Surakarta i.e. cycle (green time, amber/yellow time and all-red time), recording video of monitoring and controlling 
intersection and traffic counting data every 15 minutes in vehicle/hour from 06:00 AM - 18:00 PM from ATCS 
detector, and c) population.  
4.2. Primary Data 
Primary data consist of geometric and environmental conditions (obtained data by measuring road width, approach 
width, the number of lanes, and also observing the activities around intersection), traffic flow (number of each type 
of vehicle and each type of movement), waiting vehicles data (obtained data by counting  the number of queued or 
waiting vehicles every 15 seconds when red and amber time), stopped vehicles data (obtained data by counting the 
number of stopped vehicles when red and amber time) and not stopped vehicles data (obtained data by counting the 
number of not stopped vehicles when green and amber time).  
5. Result and Discussion 
5.1. Empirical delay by using IHCM method 
a. Traffic signal condition 
Traffic signal in the location of research is arranged into 3 stages/3 phases, as shown in Fig. 1, it is obtained by 
counting the average signal time setting plan of Dishubkominfo Surakarta. 
 
Fig. 1. Signal phase diagram 
b. Geometric data 
Result of the effective width measurement (We) for each phase can be seen in Table 1 and Fig. 2. 
Table 1. Result of of the effective witdh measurement 
Phase Approach WA(m) WENTRY(m) WLTOR(m) WEXIT(m) We(m) 
A E-RT 
E-ST1 
6 3 
3 
0 
0 
5.9 
5.9 
3 
3 
B E-ST2 
W 
3 
10.7 
3 
6.5 
0 
4.2 
5.9 
6 
3 
6.5 
C N 7 3.2 3.8 5.9 3.2 
62
23
17
34
33
3
3
3
3
0 102
PHASE C
PHASE B
PHASE A
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Fig. 2. Result of the effective width measurement 
c. Road and environmental condition data 
There are some public facilities around the intersection, so generally the activities around the intersection can be 
classified as commercial area. Based on visual observation, this location can be classified as an area on flat condition 
with 0% of gradient with side friction is classified as fairly high. 
d. Traffic flow condition 
All data of traffic flow is presented in Table 2. This table show the movement of each vehicle per phase and each 
approach. 
Table 2.Traffic flow recapitulation Kerten-Intersection of Surakarta (Thursday, June 5th, 2014) 
Phase Approach Direction 
Traffic flow (pcu/h) 
Light vehicle Heavy vehicle Motorcycle Total motor vehicle 
A 
E 
 
RT 
ST1 
Total 
189 
108 
297 
28.6 
2.6 
31.2 
92.4 
80 
172.4 
310 
189.3 
500.6 
B 
W 
ST 
LTOR 
Total 
523 
128 
651 
7.8 
3.9 
11.7 
349.8 
120.4 
470.2 
880.6 
252.3 
1132.9 
E ST2 211 3.9 155.4 370.3 
C N 
LT 
RT 
Total 
151 
201 
352 
9.1 
228.8 
237.9 
43 
86.4 
129.4 
203.1 
516.2 
719.3 
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e. Saturation flow 
Table 3. Saturation flow 
Phase 
 
Approach 
 
So 
(pcu/h green) 
Adjustment factors 
S 
(pcu/h green) 
Fcs FSF FG FP FRT FLT 
A 
E-RT1 
E-ST1 
1800 
1800 
0.94 
0.94 
0.94 
0.94 
1.00 
1.00 
1.00 
1.00 
1.16 
1.00 
1.00 
1.00 
1837.57 
1584.81 
B 
E-ST2 
W 
1800 
3900 
0.94 
0.94 
0.94 
0.92 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.98 
1582.74 
3315.40 
C N 1920 0.94 0.93 1.00 1.00 1.19 0.97 1941.67 
f. Capacity and degree of saturation 
Cycle time that will be used in capacity calculation is obtained by counting the average cycle time setting plan 
data from Dishubkominfo Surakarta that is 102 seconds. Calculation result of capacity and degree of saturation are in 
Table 4. Based on the calculation result, it shows that DS over saturated in phase A at East approach right turn direction 
(T-RT) is 1.012. It has exceeded the ideal DS required by IHCM 1997 (DS < 0.85). To reduce the DS value, it is 
needed to recalculate the signal time, so it can be used to anticipate long queue and delay values that too high by using 
IHCM 1997 method. 
Table 4. Calculation result of capacity (C) and degree of saturation (DS) 
Phase Approach Q  (pcu/h) S(pcu/h green) G(sec) C(pcu/h) DS 
A 
E-RT 
E-ST1 
310 
190.7 
1837.57 
1584.81 
17 
17 
306.26 
264.13 
1.012 
0.722 
B 
E-ST2 
W 
370.3 
880.6 
1582.74 
3315.40 
33 
33 
512.06 
1072.63 
0.723 
0.821 
C N 516.2 1941.67 34 647.22 0.798 
g. Queue length and delay 
 Queue length calculation uses IHCM 1997 method is influenced by traffic volume, capacity, green ratio, degree 
of saturation and effective width. Table 5 show the queue length (QL) and the delay calculation based on IHCM 1997. 
Table 5.Queue length and IHCM 1997 delay recapitulation 
Phase Approach NQMAX (pcu) QL(m) 
Delay(sec/pcu) 
DT DG D 
A 
E-RT 
E-ST1 
27 
10 
83 
67 
158.27 
50.88 
4 
4 
162.27 
54.88 
B 
E-ST2 
W 
16 
34 
107 
105 
36.07 
37.69 
4 
4 
40.07 
41.69 
C N 22 138 38.87 4 42.87 
5.2. Field delay 
Field delay calculation method at each intersection approach is obtained by counting waiting vehicles volume first 
or queued in range 15 seconds, not stopped and stopped vehicles in passenger cars unit. The number of delays is 
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obtained by multiplying the number of vehicles queues/waiting with time duration of observation that is 15 seconds. 
Then, the number of delay is divided by the sum of not stopped and not stopping vehicles, so it can be obtained the 
average delay for all vehicles. The recapitulation of field delay can be seen in Table 6. 
The recapitulation of delay using both methods is shown in Table 7. This table shows that the empirical delay 
(IHCM 1997 method) is higher than the field delay. It can be seen from the difference of the delay value at each 
approach with the largest difference at east approach turn right (phase A) that is 126.24 sec/pcu. This is caused by the 
traffic flow data from survey will be used in this analysis needs to be converted in the passenger cars unit. This is in 
accordance with IHCM 1997 stipulation. Inaccurate of conversion value used (in this case is pce) will cause an 
inaccurate in the traffic flow value. 
Table 6. Recapitulation of field delay
 
Phase Approach 
Qstopped 
(pcu/h) 
Qnot stopped 
(pcu/h) 
Qwaiting 
(pcu/h) 
Qtotal 
(pcu/h) 
ΣD 
(pcu/s) 
DTs 
(sec/pcu) 
DTsTotal 
(sec/pcu) 
A 
E-RT 
E-ST1 
175.7 
228 
253.4 
81.2 
1030.7 
195.8 
429.1 
309.2 
15460.5 
2937 
87.99 
12.88 
36.03 
9.50 
B 
E-ST2 
W 
184 
649.7 
161.5 
598.4 
158.3 
1351.8 
346.1 
1248.1 
2374.5 
20277 
12.86 
31.21 
6.86 
16.25 
C N 625.6 651.2 1369.3 1276.8 20539.5 32.83 16.09 
The delay value calculation by IHCM 1997 method is greater than field delay, this is due to IHCM delay consists 
of traffic delay and geometric delay. Traffic delay is very influenced by cycle time, green ratio, degree of saturation 
and capacity. The acquisition of capacity itself is influenced by saturation flow and adjustment values, which consist 
of geometric road condition to determine effective width, city size, side friction and turning movement. While, for 
geometric delay is influenced by vehicles stopped ratio and turn at each approach. Nevertheless, inaccurate of 
determining the adjustment values (which are: effective width, city size, side friction, turning movement, vehicles 
stopped ratio and turn at each approach) will also cause inaccurate in the delay value. 
Table 7. Empirical delay (IHCM 1997 method) and field delay recapitulation 
Phase Approach 
IHCM 1997delay 
(sec/pcu) 
Field delay 
(sec/pcu) 
The difference IHCM 1997 delay and 
field delay (sec/pcu) 
A 
E-RT 
E-ST1 
162.27 
54.88 
36.03 
9.50 
126.24 
45.38 
B 
E-ST2 
W 
40.07 
41.69 
6.86 
16.25 
33.21 
25.44 
C N 42.87 16.09 26.78 
6. Concluding Remarks 
Based on the analysis, it can be concluded several things as follows: 
a. Factors considered in the analysis of delay using IHCM 1997 method are road geometric condition, city size, side 
friction, turning movement and time signal. While for field delay, the factors are waiting vehicle in 15 seconds, 
not stopped and stopped vehicles. 
b. The delay of IHCM 1997 method at Kerten-Intersection of Surakarta, Surakarta are: a) 162.27 sec/pcu at East 
approach phase A (E-RT), 54.88 sec/pcu at East approach phase A (E-ST1), 40.07 sec/pcu at East approach phase 
B (E-ST2), 41.69 sec/pcu at West approach phase B, and 42.87 sec/pcu at North approach phase C, b) the delay of 
entire intersection is 59.29 sec/pcu. 
c. The field delay  are: a) 36.03 sec/pcu at East approach phase A (E-RT), 9.50 sec/pcu at East approach phase (E-
ST1), 6.86 sec/pcu at East approach phase B (E-ST2), 16.25 sec/pcu at West approach  phase B, and 16.09 sec/pcu 
at North approach  phase C, b) the delay of entire intersection is  16.91 sec/pcu. 
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d. Based on the comparison, it can be known that the field delay is lower than IHCM 1997 delay. It is caused by the 
differences in withdrawal traffic flow data that will be used in delay calculation analysis. 
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